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(54) FIELD-EFFECT TRANSISTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a field-effect 
transistor having properties of high pressure resistance, 
satisfactory gain, and high frequency. 
SOLUTION: A dielectric film 4, which is made of a high 
dielectric material with a dielectric constant of 8 or 
higher, is provided between a field plate 9 and a channel 
layer 2. For example, tantalum oxide(Ta205) is adopted 
as the high dielectric material. With the material having 
such a high dielectric constant, it is possible to increase 
the thickness of the dielectric film while obtaining 
sufficient field-relaxation effect. Therefore, damage to 
the dielectric film and leakage current, that have been 
the conventional problems, are not likely or occur. 
Consequently, it is possible to effectively improve 
pressure resistance, while preventing reduction in gain. 






LEGAL STATUS 

[Date of request for examination] 22.09.1 998 

[Date of sending the examiners decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 3 1 80776 

[Date of registration] 20.04.2001 

[Number of appeal against examiner s decision 



of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



<19)0*a4$fW (JP) 02) & M ^ If & (A) (H)»fftHH&RI## 

#^2000-100831 
(P2000-100831AJ 

(43)&BB H ¥J«124P4 7 B (2000. 4. 7) 



(51)Inta' 8KWi2# FI f-V3-h*(^#) 

H0 1L 21/338 H0 1L 29/80 F 5F10 2 

29/812 



ssfflUR % Masons ol (* 13 h) 



(21)fHH#*» 


WWF10-268394 


(TOffiKA 


000004237 










(22)ffiBB 


*«10^ 9 fi 22 B (1998. 9. 22) 










(72)£9Mf 










*«»«K^ETB7#l# B**5H* 














(72)»W« 










3£lK?B8R£ETB7#Ht B#«&1* 














(74)ftSIA 


100070219 



















(54) 

(57) imm] 

(TaaOs) SrJBl^*. 




- -2 



(f) 




I GoAsttS 
2 

4 MM 

6*- MM 



6 **-hAfU* 

7 v-am 

8 KU-Y>*« 

9 h* 



(2) 



2000-100831 



[mm i ] mmz7**/i>m&Mf$L£titt¥&ttm 

ftfcitfKM^Wlt* ffiEy—^mffiilWE KM 

— /UK^i — bU&ffiz-* fitE7-f — /uK^u— h 

6 ft 5 RttftKPRlt btitiZkZftmk'rz 
WttoWMb?>*S**. 10 
[MM 2] REKRttittttttt, mtT/is^-VJ* 
(AI2O3) , gffcT/WS-*-^ mtf^ffr (Ta 
2O5) , f^^Foyf<)A (SrTiOa) , ^ 
(BaTiOa) , ^*^g^y*A- 
(B a x S r i-x T i O3 ( 0 < x < 
l) ) , *5<tW^/^^v^ • ^ hnyf 
(SrBizTazOg) *»feftSW^?>atftt5 V^tb 
^0»»T*>-5 r^*»tit5ll*« 1 KEtt*>«# 

[MM3] «WE^-r*yu»(D*ffi^ft< £ *>— « 20 
tf^ya^RfbRKijzDRtolx, R*>9 ^^mtmtm 
E7-f-;i/K^u- h»&^IBfc:»ER«fl«asRi*& 
ixfcr £ *:WKi:i-*MM l *fctt2 t£E«<a«#£i 

[MM 4] RERRftWOJ*** 5 . 1 0 OnrnW 
1 5 0 0 n m^TT* 5 ^ Sr»» 1 1 1 75S 

[mm 5 ] *BK^* */^mjwb* * tiiz*m»m 

«:13 J; KM ^ISi:, mrfSV — ^m^^itrfE KM 30 

»t«E^^*A^«i©IHI-R«*Bt^a9:it6n, MR. 
ttfflROJtttttfsfr £ , £lff£r t (nm) iU^f 
(c, TIE (1) (2) £88^^ 5 

( 1 ) 1< £ < 5 , j!>>0 % 25<t/e<70 
(2) 5^£<8 > 100<t<350 
[MM 6] SMEMSfttBif*. «HB7-f-;uK^i/- 40 

m 1 5 t>-r n^«cEtt<D«»a*a! h 7 

[MM 7] TOE7-f-yuK^u-h«i:, WE^ir 
**mk, ^nbli***tfc(ttE»«»Bti:-e*ril*lx 

9 co#m^si^> y- h«fi^&a^ 

7!/M 6 v^h,jW£E*<o«JM»*S! h 7 > 
ffifWBIOJ?^!*, KM >-®^{flJJ: H so 



»^i*««it5 MM 1 7bm 7 v *-f;h,aM;iER<? 
l#Mih7^^^, 

[mm 9 j m&yj-fr 1 — h ask:— sfctiz: 

»±o?Lds«fiR* ixfcr t ^r#«^-r^MM 1 M8 
^i-*td»^E«o«»»*l! h7^^ 8 
[MMl 0] WrE7-<— /wk^u— htt<0KM v 

Jg 1 7!>M 9 V v^LjWcERottJMft*® h7^^ 9 
[MMl lj WE7-f-/wK^u-httIT«)ttB 

iitfi< 4o r t Sr1»f i: t*»*« 1 M 1 0 

[ISMi 2] ffffa^-r— /t^K^u— hg&cDTI-^n 
- hWi^Rjt feJxfcr t SrWKi: i-5MM 1 7Sm 1 
1 *t*»(cE«0«#j»*a! h 9 * 0 

[MM 13] SWay- h «tt £ WE K M v®H ^ 

ffl»&m&£b\zL&ttbin1tz.k S:1*ti:t5l»*« l 
75^1 2v^i-Jx^E*o«»3ft*ffih9>'^^o 

[it mi 4] toEy— hmffi^sftEy-^mn^co 

* & \zmt bfttz^k WtitSIMWI 1 7!>M 1 
3 v ^fH^CEtWtSMl h7^ * 0 
[MM15] S9E^^r-*^»tt, III-VK^b'&** 
aittri* bteZ^kZW&k'tZ MM 1M141 ^fti 
a>ME®om##J^ h7^^. 

[0001] 

[0 0 0 2] 

[«*©«*] {b^**»**±s i ictt^r****^ 

^tdS^^TUTib^. ^JxLt^Ga A s omT-iiSfi S i 
[0 0 0 3] L^^L. ft-&«***«rfflv^«#ab*a! 

^K^trv^ifc^ y— Kmfiico km>-{ri<£>t 

US (H141^») ®^I^S^ft5 

#lc**ftMHi: 

ft5o 

[00041 wOy— KM 

[0005] ^<Dt>£oi^ y— hmai^a5 (j^t. 



<3) 



ftffl 2000-100831 



3 

s i 02j>>bftzffin#m&Bf&^z&*&$>z>o mi 

2 KftHIBB 63-87773 ^m^ffi^ £ tlfzm,R%) 

oT, y-hffifii3 3C0KW y«xyi?lcti:s«# 
[0 0 0 6 J 

[S5W#*ftLJ:5 ir-TS^M] La>Lft#e>±fB«* 

[0 0 0 7] KS#R*S<^*w£(;ifc--5eo 
5. Z<Dtz#>. *»ft«JM«Si»*«r*CS-fr5fca?)«c 

ft5o ^1::^, L<iKTU 

fflffljfctc.torttrn^iftHUBirfts. 

[0008] JzlB«#«»0*prSRH**P 
ftK««»tt**ia«^fc«ff»*ai h 9 * *« 
[0009] 

-f-/uK^^ h»«r«x., *MB7-f— /uK^u— hSB 

tma»&ft*M*fmMRit btt^r t zft'&ti-zm, 

[ooio] i h 7 ^ :7-r 

[0 0 l l ] *360I0>«!M»*S! h^v^^Ji, ^ 

-a K/iz-hfttf^ * ah * m ics s b««ck 



[0 0 12] JtU_bco <t p (C. **W^*5V^Ttt, 

[0013] -£t^ ±&<D£?{zm\<^mmmzm'tz>wi 

10 ^9g< Lft<Tt>3te^ft®»SfP«Jm^^'5r<b 
«ttf7-f-/uK^u- h»«)ftSSry- h 

[0014] *fc*3BW(c:j:ixrt. mm\z^**/um& 

*/i>mkisa<y b*m&L1Z#— h®«££r*rU mils 

btbt nwa?- * * aji t <d m \zvsn& 

(nm) £Lfc<b#K, TIB (1) (2) Zffitz 

-rz_k &&'&k-rz>mR%}%:M b ? ^isxfi&m&tsti 

( 1 ) 1 < c < 5 % *>0 % 25<t/f<70 
( 2 ) 5 ^ £ < 8 , 7*>o, 100<t<350 

30 y ^rKih-r ^ r k &m$:£itz> z k tmmxho 

[ooi5] i< £ < s&ffiiz-rm&izm^x* t/ f 
a* 2 5 s i: • y - * 

t5o t/i 35S7 0SrjBx.6i:*»ft«*aftja 

40 a»»^»feft5**<oR*ft:iRSrKJt^»^tt, 

cofitirur. TiE^jnafeii (t/ £ ) red t 

(t/f) RED =tl/ci+t2/{2+-+tn/fn 

(nfi2J^±<OS|S) 
*fc, 5^ £ < 8 ^fcr^t-^^T, t^lOO* 

t*S3 5 0SrjB^5i:^ft«IM8ftS»*as»e>tt 
ftv\ ft^b\ ^l?^, 7 4— A-K^u— hSPET^m 

so [0016] 



(4) 



mm 2 000-100831 



f4. BMfcT/U^ (AI2O3) . IfbT^^') 

j\ s mtf^*^ (TazOs) % hv^^V 

J* (SrTiOa) , <?*>&t'<V 9* (B a T i 
O3) , W^<JI!>A^Fp^!>A (BaxSr 
i-x T i O3 (0<x< 1) ) , »£V#Zs*&tkV*-* 
X • ^ hpyf «)A (SrBizTazOg) 

^TLy- HffifiiTO««^*5V^TiBV^»a^SS:limi- 10 
5 £ #-CS -5 -e*> 60 

[0 0 17] *»Wlc*5V>T, RWflcBtn^w-^K^ 
V\ feet ;LtfE]3 (d) <D£o^ y-h««5ittT«w 

[0 0 18] ±m<DX i\z s 7 -f-^K^u 

-ha^ST^>ffi«fco^figL^#^ ^ir^/Witf) 20 

60 

[0 0 19] /I'K^u— l*ffl<D« 

14, #£L<140. ljimfiO:, SfeJd»*L<ttO. 
l/zm^i:2/iin^Ti:t5o 7^-^K7 P U-hai(D 30 

[0 0 2 0] *»WIC*5V^T, RttMNcXBIttfl&f*' 
1 00-1 500nm, $ fo 4 L < 14 3 0 0 — 1 0 

[0 0 2 1 ] *38W^«#S6*a! h^Vi?**!^^ 

least *t*w»k:u «B»*«##*fci-*wfc#-e so 



[0022] ::t% ±m&m®m<D±zts\tt (d 

C= £ S/d (1) 

(c : £ : mmrn s : d : ®np B i^ 

M) 

[0023] ® ? 4 —)v v~f u- h &m.T<om»m<om 

[0 0 2 4] ®y-C— tvy-7\s— £/cf4rj£JLL 

m&<D~7j— YU<r>m^m 1 o ( c ) 

-To m<D£ 7Lf4^^r-/uK^i — hSP^KKv 
[0 0 2 5] ®7>f-;uK7 P U- MfB^ KW^tW 

r% ffi&m#:tte7 4—/i'h*7\'— h&<Dm<D&ftfr s 
WitfBiO (a) , (b) oJ:9t-A«9jffiA/fc^^ 

[oo26] ® ^ — ^ k^ 1 h &\g.j<n&&m<Dm 

[0 0 2 7] *»M^«ffSft*a! h^^^^^J-ioV> 

w^^r#^c ^ntao , 7^-/uhVi — hgpjc^ 
t5BiM^7iafcii:-et7P- h«fii(c«^^« 

k (ws i) , t/w^^^a, ^^^/ 

JR«Sr«*bfe«. 7thi/^hS:^^ilt>ft 



(5) 



&ffl 2000-100831 



[oo2 8] ass h 9 ^ 

«H4dS*fofcK#**t6. — htt 10 

^— has- Ku>f ^««n«-3ifflw*«*»**«j« 

fe»jE#tt0>|ft] _i:£B 6 - fc £ 0 
[0 0 2 9] «J|LM*«KKCffiV^&tL5iKn«fmfl- 
14, «:R«*8K±Oi«R«:«:«-»-e*>5ri:^»*L 
v\ fci^.tf, iMbr^^** (AI2O3) , mtr 

/l^^A, mt9^tni< (TazOs) , ^>-$^h 
ayf^A (SrTiOa) , !J (B a 

T i O3) , f^^J^^^ho^f?^ (Ba* 20 
S ri-x T i O3 (0<x< 1) ) , &£X*9y9A'WLX 
7*-* 7* • ^ h n i/=5-t?J* (SrBi2Ta20g) 

3 Q *fc', RRfHRottm** £ , Rf¥& t fc Vtzt 
TIE (1) (2) fc*fc-r»*MrJflv**r 

( 1 ) 1< * < 5 , *>o, 2 5 < t / t < 7 0 

(2) 5^*<8,J0»O, 100<t<350 

[0030] *JMMP«S0tttrtt* f^x^zsi/y 
t>f K (wsi) , TA'^frA. & % ^Z^/u&Z 30 

y^icto ^rrbf srB*5fc-r 5 1 v > 5 x v mart- 

[00 3 1] ttJMM*PRfitt* h««t»«**tra 

»A(0«ffi3&S36Mte>tfCV^-ct J:v\ tele, SJtfHfflR 
altera SnSfflJEfcH^Rfii" 5 d £ taotM 

[0 0 3 2] * fi^iOt^Mf h7^^ (-*3 

[0 0 3 3] t^lllitiOfflH:, ^>^7y">> 
JJINf K (WS i ) , Tz^^A, 

SrlMfrLfcSL 7*H/^Hr^^iLt^tV5 so 



y v J: 9 7KlB9f ^rl^*-r 3 * v > 5 *«fcfc: J: 9 »A 
[0 0 3 4] *l^(Ol|SMSh7y^^l^V^ 

[0 0 3 5] **W«>«»a!l*aih9^^^lC*3V^ 

c * i" 5 1 11 - vmit&®>*m&&m v ^r^m 

5o III-VjBi{b'&**»ft:{Ctt, GaAs, A l G a 
As, InP, GaInAsP/j:^5 o m-ySft 

[00 3 6] 

7*\L m2 (g) ic^i"i:5f-, y-h*SM«© 
7^-/wK/i/-^9$:Ix., I07-<- /wKT^u— 
hSB 9 k^^^mt<om\^. TazOs^bttSRt* 

[0 0 3 7] JgJLT, Bl« 2^#Ilt, MlfeflOS 

[00 3 8] ^l6J»tt^G a A s SIR 1 1CMB 

Ej5fe{Cj:9, S i 2 x l 0 17 c m -3 K-/LfcNSG 
a A s ft*^l2 (ff S 2 3 0 nm) , ^oit^S i ^ 
5 X 1 0 17 cm* 3 K— 7 P U:NSG a A s ^ ? bS 
3 0?S 15 0 nm) S:J««$-&S (ll (a) ) 0 

[0 0 3 9] o^'ll^^ h (H^-fri*) 

i-« (Hi (b) ) o 

[004 0] o^^tCVDSi:<t!)I^3 00 nmO 
Ta20s}&»e>ft*««*K4Sr^ffi^*iai-S (HI 1 

(c) ) o :(OiM4(Oli:u^h (*B*) * 

mj&l, zti&^7? tLxy-bmmMf£mm<omm 

*R4S:CHF3*fcliSF6«rffl^t K7^x 7 fy^ 
ft^l2^3 0nmiSx y fym (01 

(d) ) 0 

[0 04 1 ] 1 0 0 n mOWS i R % 5 0 



(6) 



ftffl 2000-100831 



9 

nmOTiNIg, 1 5nm(DPtfe 4 0 0 nmOAu 

z> (si 2 ( e ) ) o >f-vmMmf&mm^<n* 

^Lty-hti5^Mt6 (m2 (f) ) o 

[0 0 4 2] O^V>TK®fr^4(D^f^@^f$r3H5/^V 
fLX^^?? h/I3£gtti£-£, 8nm^NiI, 5 
OnmOAuGeE 2 5 0 n m<D A u m& ^ Of-CS 

mR$}%:%lb9>i?**&&f&,1-Z> (B2 (g) ) . 10 

[0043] *ni&m<onmb%M h7^^ f*. ^ 

*tfl-t LTTazOs (H:ltW»2 0) *:JflVvo>6fc 

ae>, ^^m#s^m^#^^^^m^4^js^ 
■j¥<-T5wtds-c#6. r <d ti$>i£&&mx-mm £ ft o 

[0044] *mmMx\*mm t #m4<o$mk l-ct a 
205^^ti/^^ mzmti/v (s i 3 N4) , 

IMtTA'S = (AI2O3) , f^yg^ hP^f ^ 20 
^ (SrTiOa) , U * A (B a T i 

Oa) , ^?>m'<V VJ* • * hci^^A (BaxSr 
i-x T i O3 (0<x< 1) ) , '£tcte*>?/l'm\?X-r 
^•^Fnyf^ (SrBizTazOs) ^rfflV^C 

(AI2O3) SrJBV^atera:* 1 5 0 — 3 0 0 nmt-t 

[0 0 4 5] ft£>. *l«S«-cii^-r^Jl2, 
^ h/f 3£MBE&K£?>^£LTV^;$S. MOCVD 30 

[oo46] ohm 2 ) ^mmm^m^mm Y7^ 

HI3 (d) <DXo^. 7><-;wK7 p i/-hS 

WT> 0 3^#^Lr*II^Jc7)m#^l* 

[0 0 4 7] ^PWcLT, ^SttGa 

As*«l±iC, NlGaAsf^i2, NiGa 

6Sr«JlLy£:«it**fi8-rS (13 (a) ) , Tk\Z.f- ao 

hn&M&&ffi\z~<o2*7 * -y^-vs 

5 (B3 (b) ) , o^v*ry—h«« 5 Sttfc 

mm ^(omm<Dmm»m a*^?^?^*.*) 

5 (^3 (c) ) o 8nm(ONiE 5 0 n m 

©AuGeE 250nmWAu)i!rr ^iT'I^If 

e^y^n^ts (B3 (d) ) . 

[004 8] *H16«OS#ai*ffi h 7 V v?* * f*. -7 
>f — /i" K^U— h^KT^IS^l-O^T a205#>£>ft so 



10 

[0 04 9] (H%09 3 ) *Hl^J(Di#MS 

i5 (e) O^?^, 7^-;UK7 p I/-hf|i 
(OlTWiWcM^OT azOs^ ft 4 £S 

[0 0 5 0] J£AT, (3 4. 5^ilt, *Hlfi«0« 

[00 5 1] *-f3IJ6«l 4:ra«(CLT, ¥ffeHfcttG a 
AsSSUlC, NlGaAsff^Vf2, NiGa 
As3^^M3«t5o Ta 2 Os^bft 
S»«**4«r»*'r5-(H4 (a) ) o B«flcK4<D 
KJPtt\ 3 0 0 nmit5, 

[00 5 2] o-5^-cy- httraASBr&*0>«*K: 

^s^^i-fi (14 (b) ) o 7 it hfrMNI 

S (B4 (c) ) o rtifCfctK ^-b«ffi^ffl3f^ 

[0 05 3] #C(C. Affile 1 0 0 n mWWS 50 
nmWTiNl, 1 5 n mCO P t J^, 400nmC0Au 

wiStR* try- ht «5 t»*t« <H 

5 (d) ) 0 

[oo54] *«c:y- vwmi6&nm&*<onmz.mtiL 

T8nm^NiI, 50nm(OAuGeR 2 5 0 n m 
(OAuI^^Oit^Ifl, y-^t«7^:KK 

5 (B5 (e) ) . 7^-/UK^U- b»T^aSS»l- 
*5(t<5RSflcffi4(^lRi0P«, H*fe«|co*Bt»"Cttl 5 
0 n m, &M<Dmti£UX*te 3 0 0 n mX&>Z> 0 
[0 0 5 5] *mMMlz.£th&^ ; 7 4—>\>V~7\s—Y 

&\g:T<ommz8tm#i<nT a 2 o 5 ^ <b ft 6Rt»R^« 

A#ftJS««1»tt«r#i-S*J|i»*a h 7 ^ ^ ^ 

[0 0 5 6] (^JS^J 4 ) *mm&\<Dlgn%)%:m h7> 

-;vK/i/-hMIt, :07-f-;i/K/l — bSi5^ 

****tfc*Jft«r*Lrv^o Re#R4btiRi#R 
4 a £ «9 t«:R«*dSi£< % 7>f-;uK7 p u-hS6T 

<B««-ctt\ y-h«tt5^e> KMytt8i:w»o 

4 a, SlOR«M4 b(Cj: 9^$*V^«fl:(i, K 



(7) 



ftffl 2000-100831 



11 

[0057] £-r 1 1 it, *n&r«:g a 

AsSKlil:, NlGaAsf^i2, NiGa 

J^fiJc-r5 (E9 6 (a) ) . »—©Wt*«4 a G>*tt* 
14, TazOsi I, KJS&l 5 0 nmttSo 

[0058] »:(^®di^i*i4 b zmm-rz 

(06 (b) ) . S-ORmffJR4 bnmtti* s i 3 

N4 £ U J^J¥£r 15 0 nmtt5 0 
[0 0 5 9] o<5v>T^®^ K7>fi y ^U 

ifc-TS (06 (c) ) o 
[0060] iJc^, ^d0(- 5 0 n mCOT i NS, 1 5 n 

(136 (d) ) o 

[006 1] hfM<r»Afln9f£^.«>Mt«>fll 
-*5<fctfSg-<DR«#Bl4 a , 4b^x5/f^i:J:^ 
^5fe-r^ 0 ^tf>3£, 8nm(ONiR 5 0nm<OAuG 
em, 2 5 0 nmOAuMl^itSMf L, V — 

>^**£:5SJ&ir6 (0 7) 0 

[006 2J 7 

[00 6 3] * fc#lllfi«<0« J*»*£! h7>^^ 

14, h«a:T«>ffl3ffc»tfsns** 

KftteZm-tZtt hie, Sbluft»ft««Sttttlrt 

[0064] (ftttfll 5 ) *£ttffl4>«JMftX:9 h7> 
>***I4, 0 9 (f) tc^i-J: ffift(07^-^K 

4a, 4b3ftS»*S*tfc«J»«r*LTV^4 - 

0»jCShS*ft#**K/h£'<*oTt*<. WT. B 

[0 0 6 5] *-f*lfc«l traWcU-C, ¥««&G8 
AsSSl±l-, N^GaAs^^i2, NlGa 



12 

*0Bfc*LTy-h«tt 5 (H8 (a) ) „ 

[0 06 6] *5 «tt^»-<D»m»:JK4 

a, 4b*ri|t«rS (0 8 (b) ) o g-<DR«»K4 
a<OWSH2Ta 2 05<t U KJ?Sr 1 50nmi:t So * 
tz. *Zl<OB«fl:lR4b^tt»J4S isN4 4:-L. 
15 0 nmi:t5o 
10 [0 0 6 7] o<5^ry- hlSMI^^r^Pt 
T7^-hu^hSrMlfc (08 (c) ) o rix^r-^ 
^^i:LtK7^x y f^u y-h®g5±®(Dg 
-0»«ffBl4b*rSHt»lc^fc»*-rs (08 

(d) ) o 

[00 6 8] 5 0 n m<7>T i NK, 1 5 n 

mOPtJ^ 4 0 0 nm^Aui$rrOlW^^^l 

(09 (e) ) o 

20 [00 6 9] m^tf- bnmm&temsin-tommzmtit 

*Jxfc»-J3J:t5»-0»«ff§l4 a, 4b^ 7 fy 
^1-4: SK^T^o -tOfiK 8nmONil, 5 0nm 
(DAuGeH, 2 5 0 nm(DAujK^wCOllgT*R2g^^ 
U V-^Sffi7ir KW^«i8ilr»au 
*fflh9>^***r*riW-S (09 (f) ) e 

[0070] **»«<d«jm&*si h 7 * ^ 
30 [0071] ^fc^jfiCTosi^ja^h^v^^ 

[0072] mmm e ) 0 1 0 co 4 9 iz 

y—bW&5$:m*<oteVtbl,1zi><o-ClbZo 010 

40 (a) *>4tf (b) 14. y-h*i5©K^y«09 
ffl«r«*»«i:Ufefco-r?*>9, (c) (4, V— bW& 

i^oMt, * (1) 

C = € S/d (1) 

(C : £ : ^1^ S : Sffiffitt d : tfifflE 

Ml) l-^^T, KWy«W«8iffiasSr/h^<t5; 

50 /i/K7 p i/- h«KJ:*«#ttfnflUBSr KW^ffilJcfev^ 
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1 o o 7 3 j hms^ni ot^-rj: 

[0 0 7 4] (?£i£#J 7 ) *JgJfc^<0«#&m£! h 9 > 
mil (a) oJ:5Jc, Yxs-omMshV 

[0075] rot^Mbyy^^n mmm2 
t mm<nx.m^ <t t> y * —»> u~ h assiTic^mfr 

R44rWr5y— h««5Sr*^«, m#«pmn i 1 

12, ^fi®{:5 0nmOTiI, 3 0rim^Pt|g, 

2 0 0 nmCDAu^^TvlcDll-CS^S^Lfc^, -f;*-^ 

[0076] mmms) ^mmm<om^^v^> 
mix (b) cox v—^nMi t?— 20 

[0 0 7 7] rOl#MIh7^^ll XiK0!l2 

SlCSOnmOT ilf, 3 0nm(OPtg, 2 0 0 n m 
[0 0 7 8] t^lil 2te, fci:ic.tfKW^«i8 

[0079] (uttfti 9 ) *n*s«^«*»*a 

HI 1 3<7) £ 5 7>f — juh'zfu— hU9CO. 

[0 0 8 0] ro®#MSh7y^^it HJfctfll 
{C*5tt£l3l (c) WIgl T'f^^lCtTo fc^ (HIO ■ 
R«fttRa3&S|3l 3^iRt(fBal:ffi^t5 0 ) > * 

&vz>m2 (e) &>mtm&<Di:m&ft?z.t\c*:*), 

mi 3 o J: 5 4«Jt^«|La*S h 9 y ^ ^ r 
* V^T^^JJiM K (WSi) , T/i/^ — A, 
[0 0 8 1] *||jtt«<Oft#»*Sh7^^^tt±lE 
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[0082] mmm 1 o ) *^jfiw<7>m»s**s! h =7 
mi e ( g ) {CTjk-tkoiz^ y—hw&& 

:/l — 9 t^^r^mttom^ Si0 2 ^f>45 
[0 08 3] £AT, 115, 16 &#f!S It, *mi&M 

[0 0 8 4] £i\ ^itt^GaAsSfilllCMB 
EfttCj;«9, Si^2X10 17 cm- 3 K-ytfcNlG 
a A s^-r*/lWl2 (l?£ 2 3 Onm) , &£XfS i £r 
5X 1 0 17 cm 3 K-^LtNiGaAs = ? hM 
3 1 5 0 nm) &f&&&1tZ> (Bl5 (a) ) , 

[0 0 8 5lo#*|:^h (^-fr-f) t L 

« (B15 (b)). 
[0 0 8 6] O^^CVDj£[:J: «9 i?^ 1 5 0 nm<D 
Si0 ^ ^b^5itM4 , Sr^ffiJc*6«i-5 (|gi 

5 (c) ) o :^1M4' ro±l:u^ h (^13 

(131 5 (d) ) 0 

[0 0 8 7] tfciC. 1 0 0 n mCOWS ii, 50 

nmCOTiNJK, 15nm(OPtI, 400nmCDAu 

6 ®16 (e) ) 0 t<D^ y y-hiSMSH^ 

&y* hw^ h«:K»t, ^ty^yy^iao^® 

^*Lty-hfi5$:Mt6 (1316 

(f) ) o 

[0088] o^^xmmi^m4 y <ommmm^iy^ 

y^lt^y^^M3^gffl$t, 8nmONiI, 
5 0 n m<DA u G e 2 5 0 n mOAuS$:^(D)iT* 

i»»*Ih9y^^«r*«t* (Hi 6 

(g) ) o 

[0 0 8 9] *HJfi«aj<7)«»a*Sh7^^^fi:, ^ 

>r -/w h n t t <Dm<Dmmitm 4 • 

(DUnt ITS i 0 2 £r/Bv^V>£ 0 SiOaOlt^m^ 
fi3. 9gSt^D, ^m^4>J^4 , cDMJl*i 1 5 0 n m 

t?*>s 0 Lfc^ot t /t wiM3 8-efct), Tfa^: 

(1) iSZXfi (2) ^rffifc-To 

(1) 1< c < 5 

(2) 25<t/f <70 
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[0 0 9 0] (Il^lll) ^1M4' (Dtt&bLX 
S i Ng££flH\ ^1^2 0 0 nm<t LtiZ tSkft 

i*. mmmi o tmm^^xm^mmbv^^^^^ 
^tft-rz (hi 6 ( g ) ) o 

[0 0 9 1] S i N<0JtK«*tt7fiflrC*>0 , ^S* 

aSfflh^^^tirFKSfc ( 1 ) *5£tf (2) Sr«fe 
"To 

( 1 ) 5 ^ 6 < 8 - 10 

(2) 1 0 0< t < 3 5 0 

[0 0 9 2] 

[0 0 9 3] *fc..*»W«>m»»*a!h9^^# 

[0 0 9 4] £fc, 7>f- K^U— hS5, ^ir^M' 30 

[0095] hm^^r k ^ >wmt <om\z. 

»«cJ:*m#«Si3»*i:«>«*a**s#bix, MEWS 40 

[0096] ^7c, y-xmmty- bmrntomizD- 
[sffiof»»*Ift^] 

[01] **wco«#sft*a!h7^^^owffiigT?«> 

[El 2] 

[B3] *^w^ffi#?a*® b9>i?x*<DMmj?m& 
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u? j—>i>y7\'- bm&#<D±mmx&z>a 
[i6] *&m<oQR?h%Mb7i/v*9<ommmx&> 
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[19] «^^)i#Mi h 7 ^ (O Wiffc 

[ilO] h7 >^^^©»BHT? 

lib -5 0 
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[Hi 2] <«*<Z)«#a*a!b7^^^o»rffiia-T?*> 
[Hi 3] h7y^^o»riSig-C 

[hi 4] ^*<Dm#a^h^>-^^(-^tt5y- 

[Hi 5] *IBWo«*9!i*fflh7V^^^ojHiS*ft 
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